In the setting of percutaneous coronary intervention (PCI), due to a paucity of data, the optimal dose of aspirin is uncertain. We evaluated the safety of different doses of aspirin after PCI.
Introduction
Randomized trials of patients with acute coronary syndromes (ACS) have shown that aspirin, in doses ranging from 75 to 1300 mg daily, reduces mortality. 1 -4 Observational studies of patients with vascular disease not undergoing percutaneous coronary intervention (PCI) suggest that higher doses are associated with similar efficacy for prevention of ischaemic events but an increased risk of major bleeding. 5 -8 However, in the setting of PCI, there are few data comparing the efficacy and safety of low-vs. high-dose aspirin. Most trials evaluating anti-platelet therapy following PCI with stent used aspirin doses of 200 mg routinely. 9 -12 Consequently, there is little data from randomized trials demonstrating the efficacy and safety of low-dose aspirin after stent implantation. The American Heart Association and American College of Cardiology PCI guidelines recommend an aspirin dose of 162-325 mg after PCI with stent. 13 In contrast, the European Society of Cardiology PCI guidelines recommend low-dose (100 mg) aspirin after PCI with stent. 14 This disparity in expert committee recommendations for aspirin dose after PCI with stent highlights the paucity of data relating to optimal aspirin dose.
The objective of this analysis from the Clopidogrel in Unstable angina to prevent Recurrent Events (CURE) study is to compare the relative efficacy and safety of 100 mg (low dose) vs.
101-199 mg (moderate dose) vs. 200 mg (high dose) of aspirin after PCI.
Methods Patients
The CURE study was a randomized, double-blind trial that compared clopidogrel with placebo on a background of aspirin in 12 562 patients with ACS without ST-segment elevation. 15 PCI-CURE was a substudy of the CURE trial and included more detailed data collection on the subset of patients in the CURE trial that underwent PCI (n ¼ 2658).
The design of the CURE and PCI-CURE studies has been previously published. 15 -17 Briefly, for CURE, patients were eligible for inclusion if patients had symptoms compatible with ACS within the preceding 24 h and did not have ST-elevation of .1 mm and had either (i) elevated cardiac enzymes (more than twice the upper limit of normal) or (ii) electrocardiographic evidence of ischaemia. Patients were excluded if they had contraindications to antithrombotic therapy or antiplatelet therapy, if they were at high risk of bleeding, if they had New York Heart Association Class IV heart failure, if they required long-term anticoagulation, if they had undergone PCI or coronary artery bypass surgery in the preceding 3 months, or if they had received a glycoprotein IIb/IIIa inhibitor less than 3 days prior to randomization. Patients were treated with either placebo or clopidogrel, in addition to aspirin, for up to 1 year (mean 9 months) after randomization and the subgroup of patients who had PCI was included in PCI-CURE. Data were collected on case report forms and follow-up obtained at study visits as described in the CURE design paper. 16 
Aspirin dose
Aspirin was given in doses of 75 -325 mg daily in addition to study drug at the discretion of the treating physician. The dose and compliance with aspirin therapy was recorded on the case report forms and at each visit for the duration of the trial. The patients were divided into aspirin dose groups based on the dose of aspirin used during initial hospitalization. The analysis by aspirin dose was not pre-specified in the protocol for PCI patients.
Outcomes
The efficacy outcomes examined in this analysis were the composite of cardiovascular (CV) death, myocardial infarction (MI), and stroke at 30 days and at follow-up (mean follow-up 8 months). Deaths were considered CV unless an obvious non-cardiac cause was identified. MI was defined as at least two of the three following criteria: ischaemic symptoms, elevation of cardiac markers (creatine kinase, creatine kinase MB isoenzyme or troponin) to at least twice the upper limit of normal or three times the upper limit of normal within 48 h of PCI (if previously elevated, then a rise of 20%), or new electrocardiographic changes consistent with myocardial ischaemia. 15, 16 Biomarkers of myocardial necrosis were measured if there was a clinical need. The safety outcome was major bleeding at 30 days and long-term follow-up (mean follow-up 8 months) after PCI. Major bleeding was defined as bleeding that was significantly disabling, intraocular bleeding leading to significant loss of vision, or bleeding requiring transfusion of 2 units of red blood cells or equivalent whole blood, a drop in hemoglobin concentration of 5 g/L, bleeding causing significant hypotension requiring intravenous inotropes or surgical intervention, symptomatic intracranial hemorrhage or bleeding that was fatal.
Finally, the net adverse clinical events were evaluated with the composite of death, MI, stroke, or major bleeding at 30 days and long-term follow-up.
Analyses
Patients undergoing PCI were stratified into three aspirin dose groups: 200 mg (high), 101 -199 mg (moderate), and 100 mg (low). The aspirin dose groups were chosen based on previous literature of bleeding rates and aspirin, in addition to current PCI guidelines. 5 Finally, the aspirin dose groups were further divided into study drug group (clopidogrel) vs. placebo group and outcomes were compared across dose groups. Interaction P-values were reported for tests of homogeneity for the treatment effect of clopidogrel across three aspirin dose groups. Interaction P-values were also reported for test of homogeneity of treatment effect of different aspirin doses between clopidogrel and placebo groups. This may be important as patients on long-term clopidogrel may have increased risk of bleeding and the aspirin dose may be particularly important in this group. All patients undergoing PCI with a stent were to receive a minimum of 2 -4 weeks of open-label thienopyridine therapy.
Results
There were 1056 patients who received low dose (100 mg), 538 patients who received moderate dose (101-199 mg), and 1064 patients who received high dose (200 mg) aspirin. The median aspirin doses for low, medium and high groups were 100, 150, and 325 mg, and a histogram of actual doses is shown in Figure 1 . The baseline characteristics of the patients in the three aspirin dose groups are presented in Table 1 . There was a significant regional variation in aspirin dose with low-dose aspirin primarily used in Europe and high-dose aspirin primarily used in North Figure 1 Histogram of aspirin dose in low-, medium-, and high-dose groups.
America. Table 1 also outlines other therapies used and shows that the high-dose aspirin group had a significantly higher rate of concurrent glycoproteins IIb/IIIa inhibitor and heparin use. The rates of coronary stenting in low-, medium-, and high-dose groups were 78, 79, and 87%, respectively.
Aspirin dose
The aspirin dose groups were based on aspirin dose used in hospital after randomization. In the low-dose group, at both 30 days and long-term follow-up, 86% were still taking low-dose aspirin.
In the moderate-dose aspirin group, at 30 days and long-term follow-up, 78 and 73% were still taking moderate-dose aspirin. In the high-dose aspirin group, at 30 days and long-term follow-up, 82 and 73% were still taking high-dose aspirin. The highest crossover was from the moderate-and high-dose aspirin groups to low-dose aspirin which was 13 and 10% at 30 days and 21 and 17% at long-term follow-up, respectively.
Efficacy
The rates of MI and CV death within 48 h after PCI (peri-procedural) were similar for all three aspirin dose groups ( Figure 2 ]. After adjustment for covariates, there was no significant difference in efficacy outcomes between the aspirin doses at 30 days as shown in Table 2 . The rates of CV death, MI, or stroke taken individually were not significantly different in between the three dose groups in patients undergoing PCI at 30 days and at the end of follow-up (Table 2, Figure 3 ). The rates of urgent revascularization were also similar at 30 days and long-term follow-up between high-, moderate-, and low-dose groups as shown in Table 2 .
The impact of clopidogrel in preventing CV death, MI, or stroke was consistent across the three aspirin groups at the end of follow-up [for low-dose group HR 0.63 (0.39-1.00), moderatedose HR 1.09 (0.59-2.03), and high-dose HR 0.80 (0.53-1.21)]. Aspirin dose did not appear to impact ischaemic events regardless of treatment group ( Table 3) .
The rates of coronary artery bypass surgery were similar in the three groups with a rate of 4.7% in the low-dose group, 4.7% in the medium-dose group, and 4.9% in the high-dose group at longterm follow-up. At the end of follow-up, patients treated with high-dose aspirin had a higher rate of major bleeding event than patients on moderateand low-dose aspirin [3.9, 1.5, and 1.9%, respectively, with high-vs. low-dose HR 2.05 (1.20-3.50), P ¼ 0.009, and moderate-vs. low-dose HR 0.78 (0.34-1.77), P ¼ 0.55]. After adjustment for covariates identified as risk factors for bleeding, there was a significant reduction in bleeding with low-dose aspirin [high-vs. low-doseadjusted HR 2.03 (1.15-3.57), P ¼ 0.015, and moderate-vs. low-dose-adjusted HR 0.98 (0.43-2.27), P ¼ 0.98] ( Table 2 ). After When we examined the effect of aspirin dose on major bleeding in the treatment group (clopidogrel) vs. placebo group, it appeared that high-dose aspirin was associated with a greater risk of bleeding in patients who were treated with long-term clopidogrel ( Table 4) .
Net adverse clinical events (composite of death, myocardial infarction, stroke, or major bleeding) At 30 days, 5.2% of the patients receiving high-dose aspirin experienced CV death, MI, stroke, or major bleeding vs. 3.5% receiving moderate-dose aspirin vs. 5.2% of the patients receiving low-dose aspirin [high-vs. low-dose HR 1.12 (0.78-1.61), P ¼ 0.55, and moderate-vs. low-dose HR 0.67 (0.40-1.13), P ¼ 0.14]. Adjustment for covariates gave similar results [high-vs. low-dose-adjusted HR 1.02 (0.69-1.51), P ¼ 0.91, and moderate-vs. low-dose HR 0.81 (0.47-1.39), P ¼ 0.44; Table 2 ].
At the end of follow-up, 11.0% of the patients receiving highdose aspirin experienced a CV death, MI, stroke, or major bleeding event, compared with 8.6% of the patients receiving moderatedose aspirin and 8.4% receiving low-dose aspirin (high vs. low 
Discussion
Our study demonstrates that in patients with non-ST-segment elevation ACS undergoing PCI, low-dose aspirin appears to be associated with a similar rate of ischaemic events as higher doses of aspirin but with a lower rate of major bleeding. The net efficacy to safety balance, therefore, favoured lower doses of aspirin in patients undergoing PCI.
Despite aspirin being one of the most commonly used medications for both prevention and treatment of coronary artery disease, there are no adequately powered randomized trials directly comparing aspirin doses. Indirect comparisons of aspirin dose from the Antithrombotic Trialists' Collaboration meta-analysis found no relationship between aspirin dose and efficacy for extracranial major bleeding in the doses ranging from Effects of aspirin dose on ischaemic events and bleeding after PCI 75 to 1500 mg daily. 8 More recently, two observational analyses of randomized trials of patient with ACS demonstrated an increased risk of major bleeding with higher doses of aspirin compared with lower doses with similar rates of ischaemic events. 5, 6 The majority of patients in these studies did not undergo PCI, highlighting the lack of comparative data evaluating aspirin dose to guide physicians as to the most appropriate dose of aspirin following PCI. Aspirin irreversibly acetylates cyclo-oxygenase 1 and thus blocks the production of prostaglandin G2 and thromboxane A2. Doses as little as 50 mg of aspirin chronically have been shown to block thromboxane synthesis sufficiently by platelets. 21 , 22 The inhibition of cyclo-oxygenase 1 in gastric mucosal cells by aspirin decreases the production of cytoprotective prostaglandins and thus may increase the risk of gastrointestinal bleeding. 7 However, unlike platelets, gastric mucosal cells have the ability to produce unacetlylated cyclo-oxygenase 1 suggesting that aspirin dose is important with regard to gastric toxicity. 7, 23 Our analysis suggests that the utilization of lower doses of aspirin can partially offset the higher bleeding risk when aspirin is used in combination with clopidogrel after PCI, with no loss in efficacy compared with using higher doses of aspirin. These findings are consistent with observational analyses in primarily non-PCI populations, demonstrating improved safety and similar efficacy with low-dose aspirin, 5, 6 and with a recent observational analysis, suggesting that rates of stent thrombosis after drug-eluting stent implantation were similar with low-and high-dose aspirin. 24 Furthermore, a number of drug-eluting stent trials have used aspirin doses of 100 mg/day routinely. 25, 26 Major bleeding has been shown to be associated with higher rates of mortality in several large-scale observational analyses. 20 , 27 The avoidance of major bleeding is important in the management of ACS, especially with more potent antiplatelet agents such as prasugrel. 28 Our study suggests that replacing the routine use of high-dose aspirin with lower doses of aspirin will reduce the risk of major bleeding by 20-25% and enhance the net efficacy -safety balance in the management of patients after PCI. This becomes even more important with longer durations of dual antiplatelet therapy after PCI, such as with the use of drug-eluting stents to prevent late stent thrombosis.
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Limitations
The main limitation of this study is that it is based on a post hoc observational analysis and the results may have been influenced by potential confounding variables. Specifically, we cannot rule out entirely that differences in aspirin dosing by geographic region confound the results of this study. In order to partially offset this, we extensively adjusted both the efficacy and safety results with multivariable models and included geographic region in our models. Furthermore, our data are externally consistent with a large body of observational data in patients not undergoing PCI. 8 Due to the limitations of observational analyses, randomized trials comparing low and high-dose aspirin after PCI are needed.
In conclusion, the results of our study show that, in patients undergoing PCI, lower doses of aspirin (,200 mg/day) are associated with similar efficacy but lower rates of major bleeding compared with higher doses of aspirin (200 mg) in patients with ACS. This suggests that lower doses of aspirin may be optimal after PCI for patient safety.
